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BEST AVAILABLE COP Y^^ 

Claims 11-18 and 20 are pending in the present application. 

At the outset, Applicants wish to thank Examiner Teskin for the indication that the 
rejection over Arai et al has been withdrawn (paper number 14, page 2, paragraph 2). In 
addition, Applicants wish to thank the Examiner for pointing out the error in un-entered 
Claim 20 presented in the response filed May 13, 2004. In view of the fact that this response 
was not entered, Applicants have corrected this error in the claims by amendment above and 
have designated Claim 20 as "New." Reconsideration of the remaining rejection over EP 
0721954 is requested in view of the following remarks and the amendment set forth above. 

The rejection of Claims 1 1-19 under 35 U.S.C. § 103(a) over EP 0721954 is 
respectfully traversed. 

EP 0721954 discloses a transition metal compound useful as a catalytic compound for 
olefin polymerization (see Abstract). According to EP 0721954 . this transition compound is 
used in the homopolymerization of an a-olefin and the copolymerization of an a-olefin with 
another a-olefin. However, at no point does EP 0721954 disclose or suggest employing their 
catalytic compound for the copolymerization of an a-olefin and an aromatic vinyl compound 
or the advantages obtained thereby. 

Applicants note that the a-olefin-aromatic vinyl copolymerization in the presence of 
the alkylene/silylene bis-bridged metallocene catalyst or the alkylene/alkylene bis-bridged 
metallocene catalys was not known in the art at the time of the present invention. As the 
Examiner concedes at page 3, last paragraph of paper number 14, aromatic vinyl compounds 
are chemically quite different from a-olefins as the ethylenic double bond is conjugated with 
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a phenyl ring in the aromatic vinyl compound whereas the ethylenic double bond is isolated 
in ct-olefins such as 1-octene used in EP 0721954 . 

In the response filed on October 6, 2003, Applicants noted that the differences in the 
electronic structure would lead to a corresponding difference of copolymerizability of the 
aromatic vinyl compounds as compared to ot-olefins. In the last paragraph on page 3 of paper 
number 14, the Examiner disregards this assertion by Applicants noting, "there is no 
objective basis in the record for applicants' inference of a "corresponding difference of 
copolymerizability." More importantly, there is no evidentiary basis for inferring a 
difference in reactivity of such magnitude that one of ordinary skill would have had no 
reasonable expectation of copolymerizing an acyclic alpha-olefin with an aromatic vinyl 
compound by practicing the preparation method of European." 

In response thereto, Applicants submit herewith the following references: 

1) Zambelli et aU Macromol Symp. 89, 373-382 (1995), and 

2) Ishihara, Macromol. Symp. 89, 553-562 (1995). 

The Examiner's attention is specifically drawn to Table 1 at page 376 of Zambelli et 
al, which shows the difference of polymerizability of ethylene and styrene. In Table 1 of 
Zambelli et aU a comparison is provided of the activities of the catalyst in the polymerization 
of ethylene and styrene when the polymerization is performed using a new catalyst and an 
aged catalyst. From these data the new catalyst results in a dramatically higher activity in 
ethylene polymerization at 0°C compared to styrene polymerization. This result indicates 
that polymerizability of ethylene and styrene is quite different even when the same catalyst is 
used. 

The Examiner is also directed to Table 2 at page 561 of Ishihara , which shows the 
difference of polymerizability of propylene and styrene. This table shows the relationships 
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between the catalyst and stereoregularity of propylene polymer and styrene polymer. This 
result indicates that the two different stereoregular polymers have been obtained by using the 
same catalyst. 

In view of the foregoing, it is clear that the skilled artisan would appreciate that the 
polymerizability of ethylene and styrene is different. More importantly, the skilled artisan 
would recognize that the differences in the electronic structure would lead to a corresponding 
difference of copolymerizability of the aromatic vinyl compounds as compared to ot-olefins. 

Moreover, Applicants note that EP 0721954 merely lists several vinyl compounds 
together with ot-olefms and does not actually teach or describe that the aromatic vinyl 
compounds act as co-monomer equally to the exemplified a-olefin such as 1-octene. In view 
of the art recognized differences in chemical properties, there can be no reasonable basis for 
the artisan to conclude and/or expect based on this disclosure that there would be a 
reasonable expectation of success in view of the disclosure of EP 0721954 . Further, in view 
of these chemical differences, it would not be obvious to the skilled artisan to expect that the 
catalyst of EP 0721954 used in the olefin-olefin copolymerization is equally applicable to the 
claimed method, i.e., an a-olefin-aromatic vinyl copolymerization. 

Accordingly, EP 0721954 provides no reasonable basis to arrive at the present 
invention absent Applicants' disclosure. 

In regard to new Claim 20, both Y 1 and Y 2 are limited to the alkylene groups and the 
substituent groups based on the description at page 6, penultimate line to page 7, line 5 of the 
originally filed specification. 

It is evident from Examples 1-3 and 6 and Examples 4-5 and 7 that the 
alkylene/alkylene bis-bridged catalyst exhibits high copolymerization activity as compared to 
the alkylene/silylene bis-bridged catalyst. At page 7, third paragraph of paper number 14, the 
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Examiner asserts that Examples 1-3 and 6 and Examples 4-5 and 7 are not side-by-side 
comparative tests. In addition, the Examiner asserts that the catalysts of Examples 4-5 and 7 
contain indenyl ligands substituted at 3 -position with n-butyl or trimethylsilyl, whereas the 
catalysts of Examples 1-3 and 6 contain unsubstituted indenyl groups. However, Applicants 
submit that the catalysts with ligands having a bulky substituent group as used in the 
Example 4-5 and 7, would exhibit practically lower copolymerization activity as compared to 
the catalyst not having such bulky ligands, due to steric hindrance. However, the catalysts of 
Examples 4-5 and 7 exhibit unexpectedly high copolymerization activity as compared to the 
catalysts of Examples 1-3 and 6. 

EP 0721954 merely recites the alkylene /alkylene bis-bridged catalysts and the 
alkylene/silylene bis-bridged catalysts and teaches that these catalysts are equivalent. In 
addition, at no point does EP 0721954 disclose or suggest that the alkylene/alkylene bis- 
bridged catalysts exhibit high copolymerization activity as compared to the alkylene/silylene 
bis-bridged catalyst and also fails to actually teach the alkylene/alkylene bis-bridged catalysts 
in its working examples. 

Not only is EP 0721954 silent with respect to the claimed Y 1 and Y 2 groups of Claim 
20, Applicants further submit that the scope of experimental evidence is commensurate with 
the degree of protection sought by the claim. Therefore, Applicants submit that new Claim 
20 should be allowable over EP 0721954 . 

Applicants request withdrawal of the rejection over EP 0721954 . 



9 



Application Serial No. 09/926,742 

Further to the Advisory Action mailed June 22, 2004 and in Response to Office Action dated January 13, 2004 



Applicants submit that the present application is in condition for allowance. Early 
notification to this effect is respectfully requested. 



Respectfully submitted, 

OBLON, SPIVAK, McCLELLAND, 
MAIER & NEUSTADT, P.C. 
Norman F. Obion 



Vincent K. Shier, Ph.D. 
Registration No. 50,552 

Customer Number 

22850 

Tel: (703)413-3000 
Fax: (703)413-2220 
(OSMMN 08/03) 
NFO/VKS 
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1. Patentability/validity Obviousness Evidence of (§ 115.0903) 



Patentability/validity - Obviousness — Secondary considerations (§ 115.0907) 

Board of Patent Appeals and Interferences erred in rejecting as obvious claims for invention of impact resistant 
rubber-based resin suitable for molding and extrusion containing preferred ingredients styrene, maleic anhydride, 
and synthetic diene rubbers, since none of prior art references cited by patent holder and PTO suggest that any 
process could be used successfully in such three-component system to produce resin having desired properties, and 
since board did not give fair evidentiary weight to expert's skepticism concerning invention, or to five to six years 
necessary to produce invention, in determining obviousness issue. 

Particular Patents — Chemical Rubber Based Resins 

3,919,354, Moore, Lehrer, Lyons and McKeever, impact resistant polymers of a resinous copolymer of an alkenyl 
aromatic monomer and unsaturated dicarboxylic anhydride, holding of obviousness reversed. 
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Case History and Disposition: 

Page 1529 

Appeal from the U.S. Patent and Trademark Office Board of Patent Appeals and 
Interferences. 

Reexamination of Patent No. 3,919,354, held by The Dow Chemical Company. From 
decisions rejecting all claims of patent as obvious, patent holder appeals. Reversed. 

Attorneys: 

Douglas N. Deline, Midland, Mich. (Berndt W. Sandt with him on the brief) for appellant. 

John H. Raubitschek, associate solicitor, Arlington, Va. (Joseph F. Nakamura, solicitor, 
and Fred E. McKelvey, deputy solicitor, with him on the brief) for appellee. 




Judge: 

Before Smith, Nies, and Newman, Circuit Judges. 

Opinion Text 

Opinion By: 

Newman, Circuit Judge. 

Dow Chemical Company appeals the decisions of the United States Patent and Trademark Office Board of Patent 
Appeals and Interferences, No. 86-3426 (Feb. 25, 1987) and No. 662-81 (Mar. 25, 1986), together rejecting all the 
claims on reexamination of United States Patent No. 3,919,354 entitled "Impact Resistant Polymers of a Resinous 
Copolymer of an Alkenyl Aromatic Monomer and an Unsaturated Dicarboxylic Anhydride.". We reverse. 

The Rejection 

The invention is an impact resistant rubber-based resin having improved resistance to heat distortion. Claim 28, the 
broadest claim on appeal, is illustrative: 

28. A polymer suitable for molding and extrusion, of substantially improved resistance to mechanical shock and 
impact, the polymer consisting essentially of the polymerization product of 

a. a monovinyl alkenyl aromatic monomer containing up to 12 carbon atoms and having the alkenyl group attached 
directly to the benzene nucleus, the al 

Page 1530 

kenyl aromatic compound being present in a proportion of from about 65 to 95 parts by weight and from 35 to 5 parts 
by weight of an unsaturated dicarboxylic acid anhyride readily copolymerizable therewith, and 
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b. from 5 to 35 parts by weight of a diene rubber per 1 00 parts of (a) plus (b) 5 the rubber consisting essentially of 65 
to 100 weight percent butadiene, or isoprene and up to 35 weight percent of an alkenyl aromatic hydrocarbon as the 
sole other monomer in the rubber, the rubber having a glass temperature not higher than 0° C, the rubber being in the 
form of a plurality of particles having diameters within the range of 0.02 to 30 microns dispersed throughout a matrix 
of polymer of alkenyl aromatic monomer and the anhydride, at least a major portion of the rubber particles 
containing distinct occlusions of the polymer of (a), with the further limitation that 
the polymer of (a) is a nonequimolar random copolymer. 

The preferred ingredients are styrene, maleic anhydride, and synthetic diene rubbers, and our discussion will be in 
these terms, as was the Board's. 

The Board's decision that the claimed invention would have been obvious in terms of 35 U.S.C. §103 was based on 
the combination of two references: a 1966 article by Molau and Keskkula entitled "Heterogeneous Polymer Systems 
IV. Mechanism of Rubber Particle Formation in Rubber-Modified Vinyl Polymers", and Baer U.S. Patent No. 
2,971,939. Also discussed were Farmer U.S. Patent No. 2,275,951 and a publication by Bacon and Farmer entitled 
"The Interaction of Maleic Anhydride with Rubber", although the Board stated that the rejection was sustainable 
without relying on either of these references. 

The Prior Art 

The Molau/Keskkula article shows the preparation of a resin having high impact strength by dissolving synthetic 
diene rubber in styrene and polymerizing the styrene. This reference teaches that phase inversion is necessary to the 
formation of these moldable, extrudable resins. Baer prepares nonequimolar random maleic anhydride-styrene 
copolymers by a technique whose salient feature is adding the maleic anhydride slowly to polymerizing styrene 
under controlled conditions. 

Farmer shows the reaction among natural rubber, styrene, and maleic anhydride, and also states that maleic 
anhydride reacts directly with the rubber. The Bacon and Farmer article also shows the reaction of maleic anhydride 
with natural rubber. These products, according to Dow's evidence and as found by the Board, do not have a 
dispersed rubber phase containing occlusions, and are not moldable. 

Dow argues that the Board has engaged in hindsight reconstruction of the claimed invention. To support its position 
Dow refers to several scientific publications and other references, in addition to those cited by the PTO, and evidence 
submitted by declaration and deposition. 

The first group of references to which Dow refers shows the reaction of maleic anhydride with natural or synthetic 
rubbers. These references show both intermolecular and intramolecular reactions between maleic anhydride and the 
various rubbers, but not a grafted rubber, which is said by Dow to characterize its product. Additional references are 
cited by Dow to show that maleic anhydride is much more reactive with diene-type synthetic rubbers than with 
natural rubber, and that the reaction with the synthetic rubbers is difficult to control and the product is unpredictable. 
Another reference cited by Dow, the Encyclopedia of Science and Technology , states the general rule, derived from 
experience with acrylonitrile, that copolymers with synthetic diene rubbers have elevated glass transition 
temperatures; Dow advises that this is a highly undesirable property for a high-impact strength resin. 
Another series of references cited by Dow shows several known techniques of reacting styrene and maleic anhydride 
to prepare nonequimolar copolymers, all different from the technique shown in the Baer patent. 

Analysis 

The Board held that the claimed product results from the application of the Baer technique to a styrene-maleic 
anhydride polymer system which includes synthetic diene rubber, and that it would have been obvious to do that 
which these inventors did if one wanted to increase the heat stability of a known high impact styrene rubber resin. 
The crux of Dow's argument is that no reference shows or suggests that these references should or could be combined 
successfully. Indeed, the Board agreed, stating that "[i]t is not apparent from the evidence whether rubber and maleic 
anhydride would have been expected to react in the process suggested by the combined disclosure of Molau and 
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Baer " (Emphasis in original). 

Page 1531 

Dow also points out, referring to the Keskkula evidence, that it was believed that these products could not be made 
by the mass polymerization techniques of the prior art. Dow asserts that no reference, including Baer, suggested that 
the Baer technique could produce the requisite phase inversion in a system containing diene rubber, and could 
produce a diene-rubber containing resin that could be molded and had the other desired high-impact and thermal 
properties. 

Dow refers to the Farmer patent, cited by the examiner and the Board, which shows that the reaction of styrene, 
maleic anhydride, and natural rubber forms a product that is unsuitable as a molding resin. Dow argues that Fanner 
leads away from the Dow invention, in that Farmer obtains precisely the "runaway" reaction, and undesirable 
product, that Keslckula believed was characteristic of reactions involving styrene, maleic anhydride, and rubbers. 
Dow points to Dr. Keskkula's Report to Dow management, written in 1 966 at about the time the present invention 
was made, pointing out the many problems in attempting to produce the three-component product that these 
inventors later succeeded in producing. 

In response, the Commissioner argues that even though an expert polymer scientist, Dr. Keskkula, "personally may 
have been surprised by the invention at the time it was made, it does not necessarily follow that the invention would 
have been unobvious to one of ordinary skill in the art." The Commissioner suggests that one less encumbered by 
knowledge of the need for phase inversion, as described in the Molau/Keskkula article, might have achieved the Dow 
product by combining the references in the way suggested by the Commissioner. Reflecting on this theory of 
invention, we observe that such a person did not do so, despite the decades of experimentation with these 
components, and the recognition of need, as evidenced by the many references cited by both sides. See In re Geiger , 
815 F.2d 686, 688, 2 USPQ2d 1276, 1278 (Fed. Cir. 1987); ACS Hospital Systems, Inc. v. Montefwre Hospital , 732 
F.2d 1572, 1577, 221 USPQ 929, 933 (Fed. Cir. 1984). 

The Board held that Dow ! s statement in the patent specification that it was known that styrene/maleic anhydride 
copolymers had improved heat resistance as compared with styrene rubbers, made it prima facie obvious to combine 
these three components. Indeed, the record shows that such combinations had previously been made, in various 
ways, but without producing the product here desired. That there were other attempts, and various combinations and 
procedures tried in the past, does not render obvious the later successful one. The PTO's reliance on Dow's 
"admission" of longfelt need as prima facie evidence of obviousness is contrary to logic as well as law. Recognition 
of need, and difficulties encountered by those skilled in the field, are classical indicia of unobviousness. Graham v. 
John Deere Co .,383 U.S. 1, 17, 148 USPQ 459, 467 (1966); Custom Accessories v. Jeffrey- Allan Industries , 807 
F.2d 955, 960, 1 USPQ2d 1 196, 1 199 (Fed. Cir. 1986). Further, a patent applicant's statement of the purpose of the 
work is not prior art. 

The Board thus concluded that although one would not know in advance whether the Baer technique would work at 
all in the presence of diene rubber, or produce a moldable high-impact product, if it did succeed it would have been 
obvious. The Board criticized Keskkula's evidence for not stating whether, after these inventors proposed the 
procedure here at issue, Keskkula would have expected the maleic anhydride to react preferentially with the diene 
rubber or with the styrene and to what effect on the impact properties of the product. The PTO argues that unless the 
prior art is shown to have led one of ordinary skill to expect the Baer technique to fail, the applicant's burden is not 
met. This is not the criterion. That these inventors eventually succeeded when they and others had failed does not 
mean that they or their colleagues must have expected each new idea to fail. Most technological advance is the fruit 
of methodical, persistent investigation, as is recognized in 35 U.S.C. §103 ("Patentability shall not be negatived by 
the manner in which the invention was made"). 

The consistent criterion for determination of obviousness is whether the prior art would have suggested to one of 
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ordinary skill in the art that this process should be carried out and would have a reasonable likelihood of success, 
viewed in the light of the prior art. See Burlington Industries v. Quigg , 822 F.2d 1581, 1583,3USPQ2d 1436, 1438 
(Fed. Cir. 1987); In re Hedges, 783 F.2d 1038, 1041, 228 USPQ 685, 687 (Fed. Cir. 1987); Orthopedic Equipment 
Co. v. United States , 702 F.2d 1005, 1013, 217 USPQ 193, 200 (Fed. Cir. 1983); In re Rinehart , 531 F.2d 1048, 
1053-54, 1 89 USPQ 143, 148 (CCPA 1976). Both the suggestion and the expectation of success must be founded in 
the prior art, not in the applicant's disclosure. 

In determining whether such a suggestion can fairly be gleaned from the prior art. the full field of the invention must 
be considered; for the person of ordinary skill is charged 

Page 1532 

with knowledge of the entire body of technological literature, including that which might lead away from the claimed 
invention. The Commissioner argues that since the PTO is no longer relying on Farmer or the Bacon and Farmer 
article, the applicant is creating a "straw man". It is indeed pertinent that these references teach against the present 
invention. Evidence that supports, rather than negates, patentability must be fairly considered. 
[1] The PTO presents, in essence, an "obvious to experiment" standard for obviousness. However, selective 
hindsight is no more applicable to the design of experiments than it is to the combination of prior art teachings. 
There must be a reason or suggestion in the art for selecting the procedure used, other than the knowledge learned 
from the applicant's disclosure. Interconnect Planning Corporation v. Feil , 774 F.2d 1 132, 1 143, 227 USPQ 543, 
551 (Fed. Cir. 1985). Of the many scientific publications cited by both Dow and the PTO, none suggests that any 
process could be used successfully in this three-component system, to produce this product having the desired 
properties. The skepticism of an expert, expressed before these inventors proved him wrong, is entitled to fair 
evidentiary weight, see In re Piasecki , 745 F.2d 1468, 1475, 223 USPQ 785, 790 (Fed. Cir. 1984); In re Zeidler , 
682 F.2d 961, 966, 215 USPQ 490, 494 (CCPA 1982), as are the five to six years of research that preceded the 
claimed invention. The evidence as a whole does not support the PTO's conclusion that the claimed invention would 
have been obvious in terms of 35 U.S.C. §103. 

REVERSED 



- End of Case - 
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MECHANISM OF SYNDlOTACnC-SPEClFIC POLYMERIZATION OF 
STYJU£NE T 



Adotfb ZambclH*, Oaudio Ptflccchia and Antonio Proto 

Dipanimento 65 Rsica. Universita di Salerno, 1*84081 Beronissi ($A), luly 



A bftran: Perusal of literature data and some new results concerning syudiotactic- 
specific polymerization of styrene sugpese & jwtion mechanism accounoog f OT the 
stcric control. Key fcacurcs of the proposed mechanism are stereorigid t\* 
ooorcfiaatioo of the growing chain end and dtoiawxsclccuvc coordination of the 
monomer imposed by direct interactions with the ancillary Ugand of the metal 
complex, a pseudotttrnhedral chiral Ti<DJ) or ZrOH) cation, which invent its 
configuration after every syndiospecific insertion step. 

INTRODUCTION 

In 1986 Ishihara discovered that a variety of hydrocarbon soluble titanium compounds, in the 
presence of >m^byU3uminogune (MaO), promote syndioiaclic specific polymerization of sryrenc 
and substituted sryicnej (Ref . 1). 

Very active catalysts are obtained by using as caialyjt precursors batf-ricanocenes (Ref. 1). like 
CpTOCa or CpTiX 2 , (Cp - cyclopencuijcnyl. X» halide or hydrocarbyl) while ritanocenes 
(C^2TOC2 ox Cp^TOt) afford very poorly active catalysts. (Reft, 2, 3) 

Syodiotactic specific polymerization of styime can be also promoted by using, in proper 
condioottv zir conium instead of titanium compounds but the activity and the SKxcorcgulariiy of 
the resulting polystyrenes are lower (Rcfs. 4-6). On this subject, it is worth noting thai balf- 
zirconoccrics. such as CpZjCfc and CpZrBzu (Bx «= benzyl), are poetically ineffective in the 
usual reaction conditions (Ref. 6,1) m 

In obis paper, on the basis of a critical review of some experimental data concerning tbU 
poryrncrization. we propose a reaction rocxhanistn accounting for the sieric control, a( least in 
the presence of catalysts based on half-rij^noo enes. 



This paper is dedicated to the encooory of Processor Mario Farina. 
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RESULTS AND DISCUSSION 
J) Regioipecific insertion 

,3 C NMR analysis of syndioociic poly»ryrcne, obtained in the presence of Ti(CH2ph)4 • MaO 
at 50 °C showed the end groups -CHPhCHs and PhCH=*CH~ in c^ual amounts (Ref. 8). 
When the pojytntriiaiion was performed by adding Al( l3 CHaCH3)3 co iht suae catalytic 
system, -"CHPhCHs^CHjCI^ cod props were also detected (Ref. 9). No evidence of 
regioirregvilariy arranged monomer units is found by l3 C NMR analysis (Ref. 8). 
The polymer chains can thus stait both from Ti-H and Ti-^CHiGi^ bonds and the insertion of 
the monotpcr is always secondary: 

Ti-H t CHr=CHPb Ti-CHPhCHj 

Ti-^CKbCHa + CHz«CHPb Ti-CHPbCH 2 13 CH2CH3 

The unsaturated end groups obviously Arise from p-hydrogtn abstractfoo: 

Ti-CHPbCH2CHPhCH2- -■ Ti-H + PbCH=CHCHPhCH2" 

or possibly feonj chain transfer with the monomer. 

Another chain transfer process can involve aluminum allcyls. e. g. A1(CH>)^ according to die 
scheme: 

Ti-CHPhCHr- «► A1(CH 3 >3 T1-CH3 + Al(CH 3 >2(CHPhCri2~) 

Analogous results are obtained in the presence of CpTiCIa -MAO. 

It is wonh mentioning that sccood&iy insertion of die monomer was previously observed for 
syndiocacric-specific polymerization of propene in the presence of VCI4-AIK2CI (Ref. 10). 
However secondary insertion of propene only results from too large non-bonded interactions 
occurring in case of prircary insertion of the incoming monomer, with the polymer chain already 
bonded to V through a secondary carbon (Refs. 10-12). On (be contrary, insertion of the 
incoming monomer on cither V-CHb™ or V-CH3 bonds, occurring during copolymer! ration 
with C2H4 end in the initiation step v^ben using AlCOHbhCl or A^C^ri^Cl or AKjCtH^Gt 
as organometallic cocatalyst. is largely primary (Ref*. 12, 13). 

In contrast, as previously mentioned, secondary insertion of sryrene is always favoured, even 
on Ti-H bonds, and is related to the stronfcer 17 0 bond of the Rowing chain end »5tb the 
transition jooctal, which can rcsvlt only if the taonorocr is inserted in a secondary erode. 
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2) Addition to the double bond 

X H NMR analysis of copolymers of pcidcmeriostyrenc with Z-l-rft-sryrcne, obtained io the 
presence of TtfCHzPtOa-MAO, allowed us to investigate the mechanism of the addiooo to the 
double bond (Ref. 14). Cij addiooD was established from ihe value of the coupling constant 
between the vicinal protons of the copolymer, following the same method previously i cported 
for syndsocaede polypropylene (Ref. 15). 

5; Staristlca! model <f the sstrcosptnfic propagation 

13 C NMR analysis of syndiotactic polystyrene obtained in the presence of ZrCCrfcPh^-MAO 
sbow* that the statistical scipcnce of the stcreocheaiical configurations of the tertiary carbons Is 
first order Markovian (i.e. the statistical sequence of the syudiouctie (0 and ihe isot*ctic cm) 
dyads is BcrooulHan) (Ref*. 4, 16). Siinjlai rcjuie are obtained by using *$ a catalyst CpTiC^- 
MAO (Ref. 17). Polystyrenes prepared in the presence of Cp*T;Cl 3 -MAO (Cp*= 
ptrtamethylcycJopentadJcxjyO axe almost perfectly seereoicgulai (Ret 17). 
An attempt to evaluate the driving force of the srexec specific insertion was made by plom&g In 
P r / 1-Pj versus l/T (where P r h ihc probability of syndiotarbc placements, and T = 
polytTjcrizaticn temperature) for polymers prepared at different temperatures io the presence of 
Zr(CHxPh)4-MAO (Ref. 16). A low Arrhtmus coefficient A (A = RT In P t / (1-P r ) ~ 1.5 
KcalAfioI) was found, although the polymers were very stacoregular (P f ranges between 0.94 
and 0.91 while tbc tanperanirc is raised from 40 up to 120 °Q. 

*) Cadomc active species 

Reaction of titanium hydrocarbyls such as Cp»TiR 3 (R * hydroeazbyl) with cither X{C&te 
(R£f. 7) or INHRiT&IC&'&y (Ref. IB), aeeordin* to the scheo&e; 

Cp*TiR 3 + B(C6F 5 >3 - [Cp'TiRd+CBCCfiFsfcR)- 

-* (NHR33* IB(C6F 5 )o]- {Cp-HR^ [BtCtfsW + KR3 + RH 

provides efficient catalysts promoting syndiotacne specific polymerizadon of styrcne (Kefs. 7, 
38), However, NMR and E5R monitoring of thc*c reactions showed thai the initially fanned 
TiOY) cationie comptcxes stepwi re decompose, possibly leading to reduced Ti species (Ref. 
17). A« a consequence it is not immediately apparent whether the active species arc the jus: 
mentioned TiffV) complexes on some decomposition product, possibly a HOT) complex. 
Chicn (Ref. 19) provided evidence that the oxidation state of Ti of the active species U +3, at 
lcajt when the catajysi precursor is a baJf-tionocenc. We have recently obtained daa supporting 
this finding (Ref. 17). 
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Tab. J. Effects of cataJy,, on the activity 0/ CpTSOvMAO l„ rf, , 

ethylene and slyrencU P "-'3-MAO in the poJynwrizMfoa 
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styncive . "~ ^ — 3£ 



0 
0 
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ethylene 291 

0 

0 



_J*vte«c 20 ^ 436 



cacl y « coiDpcoco^ or afw ^T^T^ P~*^*l raimcdbtcly after wi^ tfle m 

The toosc interesting information jx 
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According to die liwMuir. the many results briefly summarised above seca to show (hat the 
electropbilic alrack of fee monomer by a nucleic Is rate detertnbans the incorporation, and 
that the Insertion of the coordinated monomer into the M-C bond it affect by the nana* of the 
but unit of the gwwing chain end (Rtf. 25). The wbok picture is in good agreement with the 
hypothesis thai 4c active specie* are oigwotceialjfc catkma, the very ones motioned is section 
4 for the polymerization of olefins. and, most likely, the MOT) analogue* resulting f.cw 
reduce decomposition for the pcJymeriHtion of styrene out conjugated diokftu. 
According to Porri and coworkers (Ref. 23). ..Z-syndioiacrtc polymerization of Z-l 3- 
peotadi«e suggests an 1,2 coordination of the incoming monosocr ,o <be transition metal, 
flowed by fast 2,1 (secondary) syndiotactic-spee Uk insertion. At higher tempenmrrc*. last 

T n isomoxzaooo of tbc coordinated Z-l^pccajicne could occur and, subicqueroly 

rir-1,4 i„«nion, with lower rate, would result Reasonably, T)« coordination coukl be hardly 
possible for both ^methyl- 1.3-p e Bt*dieGe sryrene, and con^ucnily TJ* coortinatioa 
would be always involved in syndiotactie peJvmcriatioo of both these monomers. 

6) Activity of different calaiyjtj 



A. roentioncd in the introduction, the activity of the different caudyso in promoting 
polyrneruaridn of styrene is strongly dependent oo the transition oicoJ precursor. 
In the presence of MAO the activity of the ritaraum-based catalyses decreuea while ehsogfoe the 
precursor in the following order (Rcfs. 1-6): 

CpTiXa - CpT* 2 > Ti(CH2Ph)4 - r.(OC4H,>, > TKacorfc > CpzTOCj 

{acac= 2,4-pcncanedionaa:). 

According to Chkn, fRef. 27) catalysts prepared from hatf-ritanocenet are especially active due 
to both a larger amount of active specie* and „ a higher propagation rate constant Zr catajywj 
are uiually less active, and, in particular, it is noteworthy that half-zirconoecnes are very little 
active (Reft. 6.7). 

Obtaining different corporations of active species when allowing to react MAO with different 
prccMTiara is not surprising at t^L 

The dtffcrcn, propagation rate constants could be explained, e. g„ by considering the possibility 
of ASereni ancillary Uganda on the aedve specie affecting the clcctrephilicity and possibly the 



intimate ion pair 



ffee ions 



equilibrium, if one assumes that the tree cation may efficiently promote tr* propagation. 
The high activity of the CpTiXj MAO catalysts, as opposed <o the negligible activity of «uc 
Cp2rX 3 -MAO ones, might be due, at least in pan. to the higher stability of ZrflV) in 
comparison with Ti(TV) (Ref. 29). 
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7 > Model compound, 






/. X~roy crystal sirur * 
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None of the above complexes appreciably promotes syndiotactic-specific polymerization of 
styrene in the usual reaction conditions, and simple inspection of Fig. 1 suggests chat thi& oaigbt 
be due to scene overcrowding making the coordinanoQ of ttyrcne hardly possible 

8) Stereochemical reaction mechanism 

At the present, in view of the experimental findings reviewed in (be previous sections* out belief 
cooccTpiog the reaction mechanism, it least in the presence of cai^lybc systems b&±cA on balf- 
metaJQoeenes, u that the active cpericf arc group 4 xoetal cations with oxidation state +3. 
E. g- removing the rj 3 benzyl from ihc chiral ZrOY) complex [Cp»ZiXT) 3 -CH 2 Pt)(T) 7 - 
CHaPtOl* (s« Fig, 1c ) (Rcf. 32). ti 2 coordination of stymie become possible to give the 
djastereootterk intcnoe4iate 17-elcttron ZitfU) cation [C^*Z^T] 7 -Oi2?b)(^^CH2=CHPb)]* 
Is Fig 2A is reported the possible molecular structure of such a cation with an a substituted rj 7 
benzyl resembling the growing polymer chain. 



ex.. 



A B 

Figure 7. Molecular models of (he dlaster corner ie Intermediate cations /Cp*Zr(n/- 
CHJRPh)(rj 2 -CH2=CHFh)J+. The above models have been obtained from the crystal structure 
oflCp*Z*(Tf'CH2rh)(rp-CH z rh)r Uee Fig. 2c). by replacing the ip-CHiPh ligond with on 
Tp-CH2=CHPh ligond arranged in a conformation suitable for cis ligond migration end 
secondary insertion (i. c. ~iih the double bend parallel to the Zr-CHR bond and the methylene 
facing the methifie of the last unit of the chain). The Zf-C distances for the 1? sty rent ligond 
have been fixed at 2.6 A. a value similar to those observed in ZrifV) event it complexes. The 
other parameters are (hose obtained from X-ray annfysU ofc {Kef. B7); Zr-Cp % t cef)t r C ^) - 2?2 
A; Zr^Fhiczntroidi = 2J2 A; Zr-CHR = 2.65 A; Cp* (e€ntroid) - Zr * = J 33 

It is wanh observing that coordination of the mirror related siyrene ensniioface to give th« 
diastereoisomer of Fig. 2B is hardly possible, due to the exceedingly high interactions with 
Cp*. occurring when the confonoaoon is that required by cis 1i£&nd migration and secondary 
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CHtj-CHPh 



-Plana** oTfl, ^ ^^J^"*""' *" ' ^ 

U« «mi< of a* pow^ shain ^ ^ ^'^ '° ^ ^'^ton and confab, of J 
precursor even without aey Co li«„/ u . ^ »*"»g » vmery of trraatfoa a«al 

^ chain end doc, no, nj« bc^l !v ^7 ,0 8ddicio «- *« >a» »«, cf 
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SYNTHESES AND PROPERTIES OF STNPIOTACTIC POLT5TTKENE 
N. ISHXHAJtA 

Central Rooeartih Laboratories. XDEMTTSU KOSAN Co., Ltd., 12&0 Kasoh-Uumt 
Sodcgeura, Cblbo 299-02, Japes 

ABSTRACT 

Syndlot&cuc polystyrene (SI'S) In a new crystalline engineering thenncpJ*«UC- 
With * mejting point of 270 *C end it* crystalline nature. SPS has high heat 
resistance, excellent chemical resistance and weier/oteam resistance- Since SPS 
has excellent dielectric properties, it #s useful ea e capacitor insulation material. 
The rate of crystallization is v«ry fast In comparison with isotectic polystyrene 
(IPS), thus. SPS can be used in a number of forcing operations. Including injection 
molding, extrusion and th«r mo forming. 

A system composed of s homogeneous titcnlum compound «nd m^thyloJumJnoxaoe 
(MAO) la en effective catalyst for syndloap«elfJe polynwUation or" etyrene.' On 
the other hand heterogeneous titanium compounds containing halogen make a 
mixture of isotactlc and syndic tactic coenpocents. The amount of syndic tactic 
polystyrene obtained *a dependent on the mole redo of Al to Ti< The result of 
ESR measurement suggests the Ti 3 * species are Important bp « highly active eitt 
for producing syndic tactic polystyrene- 

A comparison of the stereoretulariUes of polypropylene snd polystyrene formed 
by various metallocene catalysts is studied. The (C$Hfc>2Clti s -C 5 H4Mii5-CorI$>TiCJ2 / 
MAO system gives a homogeneous catalyst for the polymerization of propylene 
giving iao tactic rich polypropylene and of «tyr*n« to give syndiotactic polystyrene. 

INTRODUCTION 

The control of si ere o regularity is practically Important both In the development 
of new polymers or tailor-made polymers and in the control of polymor properties. 
For polystyrene, three kinds of order coo be assumed according to the orientation 
of the pheuyl-ring relative to the polymer chain backbone »« shown In Table t: 
atactic. Isotacclc and syndiotactic. Since the discovery of Ziegler-Nattn catalysis, 
extensive research concerning the stercospecific polymerization of olefins has been 
carried out. In most cases, Uotacttc polymers are obtained and syndio*act*c 
polymers arc rere. However, wc heye succeeded in synthesizing highly ayftdlotactic 
polystyrene in 198S. 1,2> 
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Results and discussion 



A» Fj* 1 ibows. polystyrenes can be classified i£ Cn ,w(— ,« ... • 

taown ooiU rtccnUy. Hoover «h e « ceM T W * w 

development of the ,oully Ca& , r ' BI " eaDy a,teed tte « <^m 3 car*cs. The 

material to be used in «n^_- ™ ogmzed P""-*»* crystalline thermoplastic 

Because SP* » » ii jwcu sr room temperature 

'^^i', its bnmenes. I**.*..*,* of being 

SPS. vhen used alone, is not m.ii,hi. r 
W sch «o offse, <* 2^ J ' ' ^ ^ ~ « » « 

Fiberglass-reinforced SP5 is »s «e ~ w ' . 
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its high load beat dittnm* 
«* ove, other ^ w ^«*™* ( apprex . a , Js 

Via ««fiil in tbc fi eM r , " 0pe,T,e ' ai ***bed abov* S PS i, 
5rnfh fffr!T V f 

a) Hmrmrw r, t il>£tt 

igaod which « eIectm „ rf SP$ rhc *»b»tii»e n i» on m,.^ ' , Bpeo,a * e! >y« 

*e «n,o 00t of syndiotacSc po!™*™, * ° btaioed <*« «« 1 , In 

Ti. Fi» « ,v po'ysxyrent increases in , . ' J- m general. 
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100 detention in tensile strength at i?o *r o 
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O Titn solution 
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SO 1 00 

AJ / Ti molar ratio 

Effect of AI / Ti molar ratio on Ti concentration 
>n the solution and on the solid 



Polymerization of slyrene using various Ti compounds with MAO 
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the absence of APS. There would be ,wo rypcs of po W aririn , fro(n 1W0 
ff!^" acbve s,te '- 1,1 ord « » 'Wfy '"J pwttaa. same cements lre earned out 
MAO was reacted wl* Ti supported on Mg compound, 1a .oloene for .too, 30 
«roeo .cnyenturc and .hen the ration was fibred touted the soluooj, from 
the solid ph „e. The solid phase w as uo s hed with 0-heptane. Srvrcne was polymerized 
u««. e bo* the solution pin end the S oJidpan. hectic polystyier* u-« obtained from 
the sobd fw«d syndiorecrie polys rvrcn* wa* obtained froru the solution part These 
xcsuJb indicate that a pan of T, on *. carrier was abated i„ eo l.tio« on action with 
MAO to give a soluble catalytic „«« that pol,^^ 91yrene to sps . ^ 
oi Ti ihat goes jnto solution depends on the amount of MAO. 

Heterogeneous candy,t *^ h Jo e cn giv« polymer, involved isomeric component The 
amount « dependeat on the A! to Ti rado. On the other hand, bomogenco™ c.talv* 
Wboot halogen does not give isotactir polymer. 

Furtheimoie. the titanium conception of the solid and the solution were 
ovesogated. T>,e reanl.s axe given i n thi 3 Fig. 7. The titanic cooccntrariox, in solution 
^cr^cd *,rh merging the molar ratio of A! to Ti. U U Iuggeslcd ^ ^ am0UfU rf 
° n carn,sr ,ha « *"« »«° depends on the molar T*6d of Al ro Ti 

The effect of a molar rarlo of MAO toTi oo the acdvlty fe Ac ease of CpTiCfc and 
MAO cacajys, 3VSteB> ^ invcstieatcd . The activ . ljr . ncreajes ^ . ncRas 

rano of MAO ,o Ti. The amount of Ti 3+ specie, roea We d by ESR 

W f™ x.- ,0 1,3*. Ti 3, ^ „, a , cdve ^ fa ^ ^ ^ 

ac,, a, a weakredocing agent. Therefore, much axnount of MAO U needed ro Wa« 
the activity. The addition of triisobu.ylaJominum to CpTia 3 / MAO ca,»ly„ W9S 
anve.dg atc i ^ . ^ if was ^ (hK ^ rf ^ ^ . 

However, excess addition of TOA decr^sea the activity. 

The stacochemutry of irvxene lasenlon into the «bc*-nw«l bond of the caolya 
has beco ^vcstiea.cdq. The re^he™^ of in^ruor, can in principle proceeding, 
second^ process. From the inve.dga.ion of dueled P oI ytD er. k •„ concluded that 
the double-bond opening mechanic in .vndlotaertc polymerir.Gon was ds opening 



f3) A»,fa-tngfa»o f >^ f rTlfnlr.lt 

T a h.^ T " Kulloo " KS hB « ««» « pcl/^doo of ar^oe- 

Tablc 2 shows the «htio,„h!p, berween the catalyst and n^orcg.lariry of polymer 
These o^oeencspxedueed both a.actic pclvpropvjene and 

These ch.al n,e.al,oee nM produced both Atactic polyprop^e J lactic 
polvatyxenc. However. , hi , otin0eefte wuW produce rnarvelously both the 
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Tab!© 2 Relationships between the catalysis arid the slereoregularrties 
of the polypropylene and polystyrene products 



Catalysts 



Stereoreoufarity 



PP 




Atactic 



Atactic 



isotactic 



[mmj = 0.57 

Atactic 

(mm] • 0.19 



PS 



[rrrrj = 1 .0 



Syndic-tactic 



[rrrr] d1,0 



Syndlotactic 



(f frrj . 1 .0 
Atactic 
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